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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

STATIC  LONGITUDINAL AND JXTERAL STABILITY 

EXPLORATORY INVESTIGATION  AT MACH NUMBER 

DATA FROM AN 

4.06 O F  AN 

AIRPLANE  CONFIGURATION  HAVING A WING 

OF  TRAPEZOIDAL PLAN FORM 

By Robert W. Dunning and Edward F. U l m a n n  

SUMMARY 

An investigation  to  determine  the  static  longitudinal and la teral  
s tab i l i ty   charac te r i s t ics  of an  airplane  configuration  having a trape- 
zoidal wing w i t h  modified  hexagonal a i r f o i l   s e c t i o n  and a cruciform t a i l  
with 5' semiangle wedge section  has  been  carried  out  in  the Langley 
9- by 9-inch Mach number 4 blowdown jet .  Tests on the complete airplane 
and various  combinations of i t s  components were made a t  a Mach number 
of 4.06 and a Reynolds number  of 2.7 x lo6, based on  wing mean aerody- 
namic chord. Data were obtained  for  angles of a t tack  from 0' t o  a maxi- 
mum of 8O t o  20°, a t  angles of s ides l ip  from 0' up t o  a maximum  of 5' 
t o  8 O ,  the  maximum values  depending on the  configuration  tested.  The 
data  are presented  with  respect t o  body axes  except f o r   l i f t  and drag 
which a re   re fe r red   to  the s t a b i l i t y  axes. 

IN'IBODUCTION 

3 

The aircraft  configurations  previously  investigated  experimentally 
a t  high  supersonic and hypersonic  speeds have been r e s t r i c t ed   t o   mi s s i l e s  
which were not  required t o  land, and  which therefore had r e l a t ive ly  small 
wings or  wings of very low aspect   ra t io .  The purpose of the present 
investjigation was t o  determine  the  characterist ics of a configuration 
conforming more c lose ly   t o  a p i lo t ed   a i r c ra f t  having a wing area suff;- . 
cient  for  conventional  landing. O f  the various  possible  configurations, 
one w a s  se lected  for  this exploratory  study which was expected t o  have 
sat isfactory low-speed charac te r i s t ics  and satisfactory  transonic  char- 
ac t e r i s t i c s .  T h i s  configuration  (fig. 1) employs a trapezoidal wing and 

. ... . 
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were incofporated which are   bel ieved  to  be desir-  
able-for  high  supersonic and  hypersonic  operation - re la t ive ly   l a rge  
leading-edge radii fo r   bo th  wing and t a i l  and wedge-shaped sec t ions   for  
the  t a i l  surfaces. The wing and ' ta i l   sect ions were designed with large 
leading-edge r a d i i  because of heat-transfer  considerations a t  high Mach 
numbers. The wing leading-edge  radius, f o r  example, would be approxi- 
mately 1.5 inches   a t  the wing-fuselage  intersection  for a fu l l - s i ze  air- 
plane  having a wing span of about 28 f e e t .  Inasmuch as   the  effect iveness  
of l i f t i ng   su r f aces  having f l a t -p l a t e  or convent ional   a i r foi l   sect ions 
decreases  considerably with Mach  number a t  high  supersonic  speeds 
( re f .  l), the  effectiveness of t a i l  surfaces of conventional  size  uti-  
l i z ing   t hese   a i r fo i l   s ec t ions  would be marginal or insuf f ic ien t  a t  the 
Mach  number  of the  present   tes ts .   Several   types  of t a i l  a i r fo i l   s ec t ions  
therefore  are  being  considered and the  present results were obtained  with 
a semiangle wedge section. 

In  references 2 and 3, longitudinal and lateral s t ab i l i t y   da t a  were 
presented  for  this same configurat ion  a t  Mach number 6.86. This  report 
presents   the  s ta t ic   longi tudinal  and l a t e r a l   s t a b i l i t y   c h a r a c t e r i s t i c s  
at Mach  number 4.06 without  analysis  in  order  to  expedite  publication. 

SYMBOLS 

The r e s u l t s  of the  tes ts   are   presented as standard NACA coeff ic ients  
of forces  and moments. The da ta   a re   re fe r red   to  the body axes  except 
f o r   l i f t  and drag which a re   r e f e r r ed   t o  the s tab i l i ty   axes   ( f ig .  2), with 
the  reference  center of g rav i ty   a t  52.66 percent body length from the 
body nose (54 percent mean aerodynamic chord). 

CN normal-force  coefficient, -zB./9" 

CL l i f t   c o e f f i c i e n t ,  -zS/9s 

cDr 
total   drag  coeff ic ient ,  

cDB 

%.g. 

CY la teral-force  coeff ic ient ,  Y/qS 

base  drag  coefficient, - X % q S  

pitching-moment coefficient  about  center of gravity, M'/qSE 

cn yawing-moment coefficient  about  center of gravity, N/qSb 
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c2 rolling-moment coefficient,  L/qSb 
I 

I ZB force  along ZB-axis 

ZS force  along Zs-axis 

total   force  a long XB-axis 

x% force  along Xg-axis contributed by base 

" moment about Y-axis 

Y force  along Y-axis 

N moment about Zg-axis 

L moment about Xg-axis 

9 free-stream dynamic pressure 

S t o t a l  wing area,  including body intercept  

C wing mean aerodynamic  chord 
- 

b wing span 

L/+ l i f t -drag   ra t io ,  
cL/cP 

R Reynolds number based on E 

M Mach  number 

c .p. longitudinal  distance from  nose to   cen te r  of pressure, 
percent body length 

a angle of a t tack  of fuselage  center  line, deg 

P angle of s idesl ip ,  deg 

- acln 
acL 

rate of change of pitching-moment coeff ic ient  with l i f t  
coeff ic ient  

CnP rate of change of yawing-moment coeff ic ient  w i t h  angle of 
s ides l ip  

" 
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C 
2P 

cyP 

rate Of change  of  rolling-moment  coefficient  with  angle  of 
sideslip 

rate  of  change  of  lateral-force  coefficient  with  angle  of 
sideslip 

The  tests  were  conducted  in  the  Langley 9- by  9-inch  Mach  number 4 
blowdown  jet,  which  is  described  and  for  which a calibration  is  given 
in reference 4. The  settling-chamber  pressure,  which  was  held  constant 
by a pressure-regulating  valve,  and  the  corresponding  air  temperature 
were  continuously  recorded  during  each run. 

Two separate  internal  strain-gage  balances  were  used to'obtain the 
data.  One  balance  measured  normal  force,  pitching  moment,  side  force, 
yawing  moment,  and  rolling  moment.  The  second  balance  measured  chord 
force  through  the  angle-of-attack  range  but  was  limited  to  measurements 
at  zero  angle  of  sideslip  because  of  balance  design. 

Representative  schlieren  photographs  of  the  flow  around  the  model 
were  made  by  the  use  of an off-axis,  single-pass,  two-mirror  schlieren 
system.  Exposure  time  was 1/200 second,  and  the  knife  edge  was  oriented 
parallel  to  the  free-stream  flow. 

The  model  configurations  used  for  the  present  tests  consisted  of a 
complete  airplane  (fig. l), a body  alone, a body-wing  combination,  and 
a body-tail  combination.  Details  concerning  the  airplane  model  are  given 
in  the  three-view  drawing  (fig.  3(a) ), in  the  sketches  of  the  airfoil 
sections  (fig. 3 ( b ) ) ,  and  in  the  table  of  geometric  characteristics 
(table I). The wing  and  tail  sections  were  designed  with  large  leading- 
edge  radii  because  of  heat-transfer  considerations  at  high  Mach  numbers. 
A photograph  of  the  complete  airplane  configuration  installed  in  the 
Langley 9- by  9-inch  Mach  number 4 blowdown  jet  is  presented in figure 4. 

- 

TESTS 

The  settling-chamber  stagnation  temperature  during any single run 
varied  from  approximately 80' to 40' F, and  the  settling-chamber  stag- 
nation  pressure  was  held  at  approximately 186 lb/sq  in.  abs.  These  con- 
ditions  correspond  approximately  to a Reynolds  number  of 2.7 x lo6, based 
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f 
on the wing mean aerodynamic chord. The t e s t s  were run at   humidi t ies  
below 5 x pounds of water  vapor  per pound  of dry   a i r ,  which i s  
bel ieved  to  be low enough to  eliminate  water-condensation  effects. The 

where l iquefact ion of air would take  place. Data were obtained  for 
angles of a t tack from 0' t o  a maximum of 8' t o  20°, a t  angles of s ides l ip  

" I  test-section  static  temperature and pressure did not  reach  the  point 

I 
1; from 0' t o  a maximum  of 5' t o  8 O ,  the  maximum values depending on the 
' :  configuration  tested.  Base drag  data were obtained from stat ic   pressures  
/ I  

measured a t  the  base of the model. 

PRECISION OF DATA 

The probable   uncertaint ies   in   the  tes t   data  due to  the  accuracy 
l imitat ions of the  balances and the  recording equipment and the   ab i l i t y  
of the system t o  repeat   data   points   are   l is ted  in   the  table  below. The 
low accuracy of the rolling-moment coef f ic ien ts   re la t ive   to   the  maximum 
rolling-moment  encountered  should  be  noted. This occurred  because 
rolling-moment  gages were added t o  an existing  balance which w a s  not 
originally  designed  to measure ro l l ing  moment. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

fO .001 
fO .001 
*o. 0003 

H .0004 
m. 0003 

*o . 00005 
fo .ooog 

fO .1 
-Ira .1 

RESULTS 

The experimental   static aerodynamic charac te r i s t ics  of the models 
a re   g iven   for   a l l   angles  of a t tack  and s ides l ip   i n   t ab l e s  I1 and 111, 
and representative  portions of the  data  are  presented  in  the  f igures.  
Equations for   t ransferr ing  these  coeff ic ients  from the body axes t o   t h e  
s t a b i l i t y  axes  are  presented  in  the  appendix. The var ia t ions w i t h  angle 
of a t tack of the  longi tudinal   character is t ics  of the complete airplane 
and various  combinations - of i t s  components are   presented  in   f igures  5 
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t o  11. I n  figures 12 and 1.3 some s t a t i c   l ong i tud ina l   s t ab i l i t y  charac- 
te r i s t ics   a re   p resented .  

The var ia t ions with sideslip  &gle of the l a t e r a l   c h a r a c t e r i s t i c s  
of the body-wing and  complete-airplane  configurations  are  presented i n  
f igure 14, and the var ia t ions with sideslip  angle of the  longitudinal 
charac te r i s t ics  of the  body-wing and  complete-airplane  configurations 
are presented i n   f i g u r e  15. The e f f ec t s  of normal-force  coefficient on 
the   l a t e ra l   cha rac t e r i s t i c s   fo r  the body-wing and  complete configurations 
are  presented  in  f igure 16. Some s t a t i c   l a t e r a l   s t a b i l i t y   c h a r a c t e r -  
i s t ics   a re   p resented  in  f igure 17. 

Typical  scblieren  photographs of the components a t  a constant  angle 
of a t tack and of the complete model a t   var ious  angles  of attack  are  pre- 
sented i n  f igures  18 and 19. The closely spaced  disturbances which can 
be seen  extending downstream at the  top and the bottom of the  schlieren 
f i e l d  of view are  caused by t h e   t i p s  of l/k-inch-diameter  rods which 
support  the model against  shock loads  during  the  start ing and stopping 
cycles of the  tunnel.  The rods  are withdrawn i n t o   o r  almost i n to   t he  
tunnel   f loor  and ce i l i ng  while  data  are  being  taken. The plugged  holes 
in   t he   t unne l   f l oo r  used for  these  rods may be seen in   f i gu re  4. It 
should be noted that the model pivots i n  pitch  about a point  near  the 
base of the body, and that consequently  the t a i l  f i n s  do not move up o r  
down in to  that par t  of the  flow  influenced by the disturbances from the 
support  rods. 

Langley Aeronautical Laboratory-, 
Na t iona l  Advisory Committee f o r  Aeronautics, 

Langley Field,  Va., Jan~ry 3, 1955. 
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APPENDIX 

7 

The equations  for  transfer of force and moment coeff ic ients  from the  
body-axis  system t o   t h e   s t a b i l i t y - a x i s  system ( f ig .  2 )  a r e  as follows: 

c = c  cos a + Cn s i n  a 
‘ S  ‘B B 

Since  longitudinal  forces were measured only  f o r  p = 0, the  axis- 
transfer  equations for C and C are  not  given  here. LS DS 
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TABL& I.- GEOMETRIC  CHARACTERISTICS OF MODEL 

Ving : 
Area (including  area submerged in   fuse lage) .  sq i n  . . . . . .  6.24 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  4.33 
Mean aerodynamic  chord. i n  . . . . . . . . . . . . . . . . .  1.716 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . .  2.53 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  0.354 
Airfoi l   sect ion . . . . . . . . .  hexagonal with round leading edge 
T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.140 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  3.00 
Sweep of leading edge. deg . . . . . . . . . . . . . . . . .  38.83 
Sweep of quarter-chord  line. deg . . . . . . . . . . . . . .  29 
Incidence a t  fuselage  center  line. deg . . . . . . . . . . .  0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
Geometric t w i s t .  deg . . . . . . . . . . . . . . . . . . . .  0 

Horizontal t a i l  o r   ve r t i ca l  t a i l :  
Area (including area submerged in   fuse lage) .  sq i n  . . . . .  2.06 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.69 
Mean aerodynamic  chord. i n  . . . . . . . . . . . . . . . . .  0.853 
Root  chord., i n  . . . . . . . . . . . . . . . . . . . . . . .  1.214 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  0.317 
A i r f o i l  section . . . . . . . . . . . . . . . . .  5' semiangle wedge 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  3.52 
Sweep of leading edge. deg . . . . . . . . . . . . . . . . .  22.63 

T a p e r r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0.261 

Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . .  0 

Fuselage : 
Length.in . . . . . . . . . . . . . . . . . . . . . . . . . .  7.50 
Maximum diameter. i n  . . . . . . . . . . . . . . . . . . . .  0.790 
Fineness  ratio . . . . . . . . . . . . . . . . . . . . . . .  9.50 

. Base diameter. i n  . . . . . . . . . . . . . . . . . . . . . .  0.790 
Distance from  nose t o  moment reference . . . . . . . . . . .  3.950 
Ogive nose  length. in . . . . . . . . . . . . . . . . . . . .  2.29 
Ogive radius. i n  . . . . . . . . . . . . . . . . . . . . . .  6.85 

A ._ . . .  
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TABL;E 11. - S W T I C  IONGITUDINAL AND MTERAI; flEBOlYYXAMIC C€IARACTERISTICS 

OF AN AIRPLANE CONFIGURATION AND VARIOUS  COMBINATIONS OF ITS 

COPPONENTS. BODY AXIS DATA. M = 4.06. R = 2.7 X 10 . 6 

(a) Body-wing-tai l  

:: 
1 

a 

2 00 

4.0 . 
6 .o L 

P 

0 00 
1.0 
2 00 
3 .o 
4.0 
5.0 

0.0 
1.0 
2.0 
3 -0 
4.0 
5 .o 

0 .o 
0.0 
0.0 
1.0 
1.0 
2 00 
2 .o 
3.0 
3 .o 
4.0 
4.0 
5.0 
5.0 

0 .o 
1.0 
2.0 
3 .o 
4.0 

" 

T 

" 

" 

" 

CN 

-0.0023 
"0023 - .0017 
-.0017 
-.0016 - -0048 

0 .0484 
. O W +  
.0483 
.a472 
.0466 
.0461 

0 .loo2 . 1009 
.lo19 
1025 . 1020 . 1025 . 1016 . 1032 . 1019 
1037 . 1019 

.lo38 . 1024 

0 . 1614 
1554 . 1546 
1557 
1554 

%cog. 

o.oO01 . 0002 
0.0 
0 00 
0.0 . O O U  

-0.0125 - . o u 7  - .oI-29 - -0129 - .0131 
-.0131 

-0.0248 - -0253 - .0256 

- .0256 

-.0256 
-,0258 - .0256 

-.0258 - .0262 

- 00255 

-00257 - -0257 

- -0259 

-0.0408 
"0387 - -0380 
-a0378 
-00374 

COP. 

53.7 
54.7 

52.7 
52.7 
57.9 

520 7 

58.6 
58.7 
58.8 
58.9 
59.1 
59 -2 

58.3 
58.4 
58.4 
58.4 
58.4 
38.4 
58.5 
58.4 
58.5 
58.3 
58.5 
58.4 
58- 5 

5895 
58.4 
58.3 
58.2 
58.2 

Cn 

0 . 0001 
-0026 . 0050 
.eon 
-0102 
.0124 

0.0 . 0025 
0 0 0 5 0  

.0076 

.0101 . 01-24 

-0.0002 - .0002 
-.O002 
o 0023 
,0023 
,0048 
.0047 
. a 7 4  
.0074 . 0101 
.0100 

. OI-25 

-0.0003 
.W24 
0047 

.0099 

o 0125 

.0074 

C 2  

0 .COO9 
.0008 
0007 . 0004 
0003 

00004 

. 0002 . 0001 
0 00 
0.0 

.0006 

.om6 

0.0 . o o l l  - OOC4 . 0014 - .0003 . 0015 - .om2 . 0011 
0.0 

.0009 

.0002 

. a 0 9  
0 00 

0.0001 . 0001 
.0004 
.0004 
.0006 

k I 
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TABLE II, - STATIC  LONGITUDINAL AND LA!FERfXL AERODYNAMIC  CHARACTERISTICS OF AN 

AIRPLANE CONFIGURPTION AND VARIOUS  COMBINATIONS OF ITS COMPONENTS, 

BODY AXIS DATA. M = 4.06, P, = 2.7 x lo6 - Continued 

(a) Body-wing-tai l  - Concluded 

10 .o 
1 2  .o 

15 .o 
16 .o 
18.0 
20 .o 

0.0 

.1858 0 .o 
1585 0 .o 
1326 0 .o 

.12a  0 .o 

. l l19 0.0 

.0908 0 .o 
-0709 0 .o 
.0502 0 .o 
-0327 0.0 
.0178 0 .o 
.0067 0 .o 

-0.0017 

6 .o 
7.0 
8.0 

0.0045 
-0050 
.0029 
00025 . 0094 
-.0011 - .0021 - .0006 
-.mol 

-0.0011 
.0085 
.01& 
.0248 
.0271 
.0301 
-0338 
00378 
e0390 
00398 
.0401 
.0b02 

37.9 
23.6 
29 .o 
35.3 
40.3 
43 .O 
44.2 
44.9 
45.4 
45.8 
46.9 
47.7 

-0.0002 . 0001 
.0003 
.0005 
.ooll 
.0011 
.0017 
.0022 
.0019 
.0021 
.0026 
0043 

(c) Body-wing 

0 .OW9 
.0009 
.0w7 
.0w5 

0 .o 

- .0004 - .0001 
0 .o 

-.0003 

48.1 
48.6 
47.2 
48.1 
52.7 
46.4 
48.3 
48.9 
52.7 

0.0007 
-.0034 
-.OO83 
-.0129 - .0182 - .0236 - 0 0307 
-.O387 - -0477 

0 .om1 
.m02 

.0002 

.0002 

.0m2 
000 3 

.0004 

.0004 

.0004 

.0003 

,0003 

.0003 

o 0005 
.0009 

.0008 

.0007 

.0009 

.0004 

.0001 - 0004 

.0009 

.0008 

.0002 

.0003 

0.0001 
-.0016 . 
"0034 . - .0051 
-.0067. - .0080 - .0091 
-e0098 - -0103 - 

o .0015 
0013 
.0013 . 0010 
.0m6 
.0003 

-.mol 
.0w4 
.0007 

I :. L 
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TABU 11.- STATIC LONGITUDINAL AND LATERAL AERODYNAMIC CHARA(;TERISTICS 

i- -7 
2.0 

! 
1 

- 1  6.1 

4.0 

6.0 

8.0 

1 
8.1 
8.1 

.. 

OF AN AIRPLANE CONFIGURATION AND VARIOUS CWINATIONS OF TTS 

CWONEWS. BODY AXIS DATA. M = 4.06. 

R = 2.7 X lo6 - Continued 

(c )  Body-wing - Continued 

B 

0.0 
1.0 
2.0 
3.0 
4.0 
5 -0 
6.0 
7.0 
8.0 

0.0 
1.0 
2.0 
3.0 
4.0 
5 .O 
6.0 
7.0 
8.0 

0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 

0.0 
1.0 
2.0 
3.0 
4.0 
5 -0 
5.9 
6.9 
7.9 

CN 
___ __ 

0.0368 

.0366 

.0364 

.0380 

0372 

0365 

- 0375 

-0385 
0383 

0 .mu 
,0818 
. a 2 5  
.0822 
.0824 
.0831 
0837 

.a347 
0855 

"___ 

0.1262 
1259 

.=59 

.x266 

.1266 

.1289 
1273 

.1296 

.1302 

0.1730 
9 1727 
1727 

.1722 

.1728 

.1746 

.1760 
1775 

1735 

%.g. 

0.0041 
.0044 
.0&7 
.0&8 
.0&9 
.0051 
0053 

.0054 

.0052 

0.0092 
.oogg 
.0100 
.0103 

.0110 

.0110 

. o n 0  

. o m  

.0107 

O.Oi3-7 
.0138 
,0141 
.0149 

.0154 

.0156 

.0158 

.0159 

0.0165 
.0167 
.0170 
.0176 
.om+ 
,0191 
.0200 
.0204 
.0208 

0153 

c.p. 

50.1 
50.0 
49.7 
49.7 
49.6 
49.6 
49.5 
49.5 
49.6 

50.1 
50.0 
49.9 

49.7 

49.7 
49.7 

49.8 

49.6 

49.8 

50.2 
50.2 
50.1 
50.0 
49.9 
49.9 
49.9 
49.9 
49.9 

50.5 
50 *5 
50.4 
50.3 
50.2 
50.2 

50.0 
50.0 

50.1 

CY 

0.0009 

-. 0130 - .0180 

- 0035 - -0078 

- -0238 - 0308 - 0389 
- 0473 

0.0019 - 0028 - .0071 - .0123 - .01E - 0237 - 0308 
- .0394 - .Ob72 

0.0021 
- .0027 
- 0073 - 0132 - .0186 - .0248 

- .Ob07 - .0486 

- .0321 

0.0026 - .0027 - .0080 - 0138 - . om0 - .0266 
- 0335 - .0420 - .0506 

Cn 

0.0002 - .0016 - .0033 - .m50 -. 0067 - .0080 - .oog1 - .0099 - -0103 

0 .oo& - .0016 - .0032 - .om0 - -0065 
- -0079 
- .oogo - .OlOO - .0105 

0.0003 - .0017 
- .m35 - .0054 - .068 - .0082 - .oog4 - .0104 -. 0109 

0.0003 - ,0016 
- ,0035 - .m53 - ,0068 -. 0082 - .0096 - .0104 - .o l lo  

C l  

0.0001 . 0001 
.o - . 0001 
.a301 
.mol 

-.ooo2 - .0003 
.OOW 

0.0010 
.0007 
.0007 

.0003 

.om3 

.W04 

.0002 

.o 

.OOOl 

0.0008 
.om7 
.coo6 
.OO@ 
.Oo@ 
.oo& 
.0003 
.om1 - .0002 

.0007 
,0008 
.om5 
.coo3 

- .0009 

- .0009 

.o - . 0001 
- .0008 
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TABLE I1 a -  STATIC  LONGITUDINAL AND LATERAL AERODYNAMIC CHARACTERISTICS 

a 

10.0 

1 
12.1 I 
10.1 
10.1 
10.1 

12 .o 

12.1 
12.1 

0.0 

1 
I 
2.0' 

OF AN AIRPLANE CONFIGURATION AND VARIOUS COMBINATIONS OF ITS 

COMPONEIES. BODY AXIS  DATA. M = 4.06. 

R = 2.7 X lo6 - Continued 

(c)  Body-wing - Concluded 

B 

0.0 
1.0 
2.0 
3.0 
3.9 
4.9 
5.9 
6.9 
7.9 

0.0 
1.0 
2.0 
2.9 
3.9 
4.9 
5.9 
6.9 
7.8 

% 
0.2275 
.2278 - 2279 
2279 
.2274 
.2234 
.2251 
.2267 
.2271 

0.2858 

.2850 

.2851 

.28u 

.2819 

.2818 

2855 

.2834 

.2824 

0.0 
1.0 
2.0 
3 .0  
4 .O 
5 00 

-0.0027 - ,0027 
-. 0038 
- .0027 
- 0033 

- -0033 

0.0202 
.0202 
.0202 
.0202 

4.0 .om2 
5.0 . om6 

cm, .g. 

0.0185 
.0189 
.01% 
.0200 
.0213 

.0234 

.0243 

.o225 

.0250 

0.01% 
.01* 
0199 
.0211 
.0232 
.0247 
.0262 
.0278 
.0292 

c.p. 

50.8 
50.8 
50.7 
50.7 
50.5 
50.4 
50.3 
50.2 
50.2 

51.1 
51.1 
51.1 
51.0 
50.8 
50.7 
50-5 
50.4 
50.3 

(d)  Body-tail 

0.0038 
- .0027 
- .om6 - .0154 - .0220 
- .0292 - .0366 
- .0538 
0.0040 
- .0030 

- .0176 

- 044-9 

- -0097 
- .0244 
- .0324 
-.0408 
- .04& -. 0577 

Cn 

0.0003 - .0015 -. 0032 
-.om1 
- .0065 - -0077 -. 0089 - .OlOO - .0110 
0.0004 - -0013 - .0028 - .0045 - 0057 - .0068 
- .0090 .- .0079 

- .OlOO 

0.0002 0.0 -0.0006 54.4 
.0002 

.0102 - .0469 55.4 .0004 
0077 - 0355 54.5 .0003 
.0050 - 0232 52.7 .o 
.0025 -. 0119 54.4 

.oo& ,0128 - .0586 56.1 

-0.0113 65.5 

.0x28 - .0586  66.2 - .ox22 .0104 - .&70 66.2 - .0119 . 0078 - .0348  66.0 - . o n 8  

.0051 - .0225 65.8 - .on6 

.m26 - .Oll4 65.5 - . o n 3  
-0.0001 0.0001 

c2 

-0.0001 - .0005 
- .ooc% 
- .0008 - .0012 - -0013 - -0014 - .0015 
- .0017 
-0.0004 
- .0009 
- .0013 - .0023 
- .oo27 - .0028 
- .0031 

- ,0011 

- 0032 

0.0002 . 0001 
.0006 
.0007 

.0m5 

.0w8 

0.0004 
.0003 
.0002 
.o . 0001 
.0005 
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TABU 11.- STATIC  LONGITUDINAL AND LA- AERODYNAMIC  CHARACTERISTICS 

OF AN A I R € "  CONFIGURATION AND VARIOUS  COM3INATIONS OF ITS 

a 
- 
4.0 

I 6.0 

I 
- 
8.0 

1 

P 

0.0 
0.0 
1.0 
1.0 
2.0 
2.0 
3.0 
3.0 
4.0 
4.0 
5.0 
5 -0 

0.0 
1.0 
2.0 
3.0 
4.0 

0.0 
1.0 
2.0 

COMPONENTS.  BODY AXIS DATA. M = 4.06. 

R = 2.7 X lo6 - Concluded 
(d) Body-tail - Concluded 

0.0417 

- .0264 .0445 
- .0264 .0445 
- .0259 ,0445 
- .0260 .Oh33 
- .0254 .0441 
- .0257 .0427 
- .02@ .0431 
- .0255 .Ob22 
- .0246 .Ob31 
- .0254 .Ob22 
- . O M  .0433 

-0.0253 

0.0686 -0.0394 .. 0691 - .0395 

.. 0691 - .0393 
.0691 

, - .0396 .06go 

- .0397 

i 
" 

I 

c .p.  

66.6 
65.7 
66.4 
65.7 
66.5 
65.9 
66.4 
65 -9 
66.4 
66.0 
66.2 
66.2 

65.8 
65.8 
65.8 
65.7 
65.8 

66.0 
65.9 
65.8 

Gy 

0.0008 
.0013 

- .0114 
- .010g 
- .0224 
- .0221 
- .0347 
- .0346 
- .0476 
- .0474 
- .0600 
- 0599 

0.0015 - .0110 
- .0224 
- .0361 
- .0480 

0.0016 

- .0228 
- 0113 

Cn 

-0.0001 
- .0002 

.0025 

.0025 

.0050 

.0050 
0077 

.0077 

.0104 

.0104 

.0129 

.0129 

-0.0002 
.0026 
.0050 
0079 

.0105 

-0.0002 

.0049 

.0025 

CZ 

-0.0003 . 0001 
.0002 

- . 0001 
.0007 

- .0002 
.0006 

- .OOOl 
.0004 

. 0001 .0005 

.0007 

0.0004 

- ,0001 
.0003 

- .0003 
- .0003 

0.ooog 
.0007 
.0006 
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TABLS 111.- STATIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF AN 

AIRPLANE CONFIGURATION AND VARIOUS COMBINATIONS OF ITS 

COMPONENTS. STABILITY AXIS DATA. 

M = 4.06. R = 2.7 X 10 . 6 

, (a) Body-wing-tail 

"-it"-"" 
3.0439  0.0056 -0.05 I 6.0 

.04751 .0056' .99 1 1  8.0 

.0534  .0056 1.83 

.0528 .0~56  1.85 

(b) Body 

-0.0017  0.0156  0.0053 -0.11 12.0 

.0166 .0181 .0053  .92 15.0 

.0061 .0165  .0053  .37 14.0 

.0307 .O209 .0053 1.47  16.0 

.0471 .0256  .0058 1.84 18.0 

.0665  .0312  .0058 2.13 20.0 

( c  ) Body-wing 

0.0 .2053 

I I I I I 

cDT 

0.0646 
.0780 

C 
DB 

0.0056 
0055 

0.0 0.0847  0.0382  0.0058 
0.0 .lo38 .0453  .0058 
0.0 .1127  .0509  .0058 
0.0 .1219 ,0558 .0058 
0.0 .1446  .0680  .0058 
0.0 .1676  .0829  .0058 

0.0055 
.0058 
.0057 

2.63 

2.13 
2.02 

2.88 
I 

(d)  Body-tail 

0.0 0.0 -0.0027  0.0329  0.0056 -0.08 6.0 0.0 0.0646  0.0414  0.0056 
1.84 2 .o o .o .olgo .0343  .0056 .55 8.0 0 .o .0892  .0484  .0055 
1.56 

4.0 o .o .0408  .0367.  .0056 1.11 

' 

4.0 0.0 .0393  .0364  .0056 1.08 



L-86688 
Figure 1. - Photograph of complete-model configuration. 
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Figure 2.- Systems of reference  axes.  Subscript B indicates body 
axes;  subscript S ind ica t e s   s t ab i l i t y  axes. 



L. 7 3 0 0  

2.368 -+ 2.530 d 2 . 6 0 2  

,“-Moment reference 

5.730 t 

To 
,I 

0.790- 

k 4  2.290 V 
Figure 3(a) . - Wind-tunnel model. A l l  dimensions are in inches. 
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.01 c radius 

(a )  Wing. 

\- .OO7 in. radius 

(b) Horizontal and ve r t i ca l  t a i l s .  

Figure 3(b) . -  Wing and tail a i r fo i l   s ec t ions  used on model. 

I :. 



L-87425 
Figure 4.- Ins ta l la t ion  of the wind-tunnel model i n  the Langley 9- by 

9-inch Mach  number 4 blowdown je t .  

I 
P F 
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Angle of attack,  a , deg 

(a) Body-wing-tail. 

21 

2.4 

2.0 r 

3 
1.6 2 

0 
fi 

M 

1.2 4 

s 
c, c 

.8 

.4 

0 

Figure 5 .- Variation  with  angle of a t t a c k  of t h e   s t a t i c   l o n g i t u d i n a l  
c h a r a c t e r i s t i c s  of an  airplane  configuration  and i t s  components. 
M = 4.06; R = 2.7 x lo6. 
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il A 

Angle of attack,  a , deg 

(b) Body. 

Figure 5.- Continued. 
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Angle of attack,  a , deg 

(c  ) Body-wing . 
Figure 5.- Continued. - 
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.24 

0 20 

0 2 4 6 8 10 12 14 16 18 20 

Angle of attack, a , deg 

Figure 6.- Variation of l i f t  coeff ic ient   with  angle   of   a t tack  for   an 
airplane  configuration and i t s  components. M = 4.06; R = 2.7 x 10 . 6 



I 

012 

0 02 

0 

010 ! 

Angle of attack, a , deg 
Figure 7.- Variation of t o t a l  drag  coefficient  with  angle of a t tack  f o r  

an  airplane  configuration and i t s  components. M = 4.06; R = 2.7 x 10 6 . 



I 

002 
Body-Wing-Tau 

0 n n n 0 
O L  I I I I 

1 

.02 
Body-Tail 

0 2 4 
Angle of attack, u , deg 

Figure 8.- Variation of base drag  coefficient with angle of a t tack   for  
an  airplane  configuration and i t s  components. M = 4.06; R = 2.7 x 10 6 . 



Angle of attack, u deg 

Figure 9.- Variation of l i f t -drag  ra t io   with  angle  of a t t ack  f o r  an air-  
plane  configuration and i t s  components. M = 4.06; R = 2.7 x lo6. 



h g l e  of attack, u , deg 
Figure 10.- Variat.ion of pitching-moment coefficient  with  angle of 

attack  for  an  airplane  configuration and i t s  components. M = 4.06; 
R = 2.7 X lo6. 



Angle of  attack, a , deg 
Figure 11.- Variat ion of longi tudinal   center  of pressure  with  angle of 

a t t ack  f o r  an  airplane  configuration and i t s  components. M = 4.06. 

w 
0 



0 -08 .12 16 020 20 

Lift coefficient, CL 

Figure 12.-  Variat ion of pitching-moment coef f ic ien t   wi th  l i f t  coe f f i c i en t  
for   an   a i rp lane   conf igura t ion   wi th  and  without t a i l  f i n s .  M = 4 -06.  

1 

0 
* 

-08 12 .16 .20 28 
Lift coefficient , cL 

Figure 13.- Variation of the static-longitudinal-stability parameter - acm 
acL 

with lift coefficient f o r  the complete model and for the body-wing 
configuration. M = 4.06. 
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02 

-. 06 
0 2 4 6 8 10 12 

Angle of sidesl ip,  $ , deg 

Figure 14.- Variation  with  angle of s ides r ip  of t h e   s t a t i c   l a t e r a l  
cha rac t e r i s t i c s  for an  airplane  configuration  with  and  without 
t a i l  f i n s .  M = 4.06; R = 2.7 x 106. 
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! 

.02 

0 

-. 02 

-. 06 

-01 
0 2 4 6 8 10 12 

Angle of sideslip, fj , 'deg 

33 

Figure 15.- Variation  with  angle of s i d e s l i p  of the-   s tak ic   longi tudina l  
charac te r i s t ics   for   an   a i rp iane   conf igura t ion   wi th   ana   wi thout   t a i l  
f i n s .  M = 4.06; R = 2.7 X lo6. 
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Normal-force  coefficient, % 

Figure 16.- Variation  with  normal-force  coefficient of t h e   s t a t i c   l a t e r a l  
character is t ics   for   an  a i rplane  configurat ion  with  and  without  t a i l  
f i n s .  M = 4.06; R = 2.7 X 106. 
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Bodyaing-Tail ----- Body4ting 

I I - 
"" 

-0 01 "I= 
-0  1 0 .1 02 03 

Normal-f orce coefficient , $ 
0.4  

Figure 17.- Variation  with  normal-force  coefficient of t h e  rate of  change 
o f   t h e   s t a t i c   l a t e r a l   f o r c e   c o e f f i c i e n t s   w i t h  p fo r   an   a i rp l ane  
configuration  with  and  without t a i l  f i n s .  M = 4.06; R = 2.7 X 10 . 6 
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Body alone Body-wing 

Body-tai 1 

L-87529 
Figure 18.- Schlieren  photographs of t he  f low around the  body-alone, 

body-wing, and body-tail  configurations. a = 8 O ;  p = Oo; M = 4.06. 
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a =  o o  a =  40 

L-87530 
Figure 19.- Schlieren  photographs of the flow around the complete-airplane 

configuration. p = 0'; M = 4.06. 
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